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Nitrogen Mustard (Mechlorethamine) and UVB Photocarcinogenesis: 
A Dose Response Effect* 
JOHN H. EPSTEIN, M.D. 
Department of Dermatology, University of California School of M edicine, San Francisco, California, U.S .A . 
The effects of UVB energy and nitrogen mustard (me-
chlorethamine, HN2 ) on tumor formation in the hairless 
mouse skin was examined. Twice weekly applications 
of HN 2 produced tumors in 34% of the mice. In addition, 
the HN2 treatments plus UVB radiation resulted in a 
significant acceleration in tumor formation as compared 
to either carcinogenic stimulus alone. The twice weekly 
application of HN 2 pius UVB exposure was more tumor-
igenic than UVB plus HN2 applied once a week. Thus a 
positive carcinogenic dose response was noted. No tu-
mor-suppressing effects were detected in this study. 
Nitrogen mustard (mechlorethamine, HN2) is a chemother-
apeutic agent which has proved to be an efficacious anticancer 
medication in a variety of malignancies [1] . In contrast, it has 
also been shown to stimulate carcinogenesis [2-4]. 
Recently we reported that the topical application of 0.1 mg 
of HN2 weekly for 52 weeks did not produce tumor formation 
in t he Used ha irless mouse system. However, it did accelerate 
ul traviolet (UVB) radiation-induced carcinogenesis [5]. 
The present study was designed to examine whether this 
stimulating effect of HN2 on photocarcinogenesis followed a 
dose- response pattern or whether increased amounts of the 
chemical would inhibit t his carcinogenic effect. 
MATERIALS AND METHODS 
Experimental Animals 
The experimental an imals consisted of 204 ra ndom-bred, 3- to 4-
month -old Used (Hr) strain albino hairless mice, which were housed 
in metal cages and fed on unrestricted quanti t ies of Wayne Lab Blox 
and water. 
Radiation Source 
A Ha novia, air-cooled, hot qua rtz contact lamp which produced 0.:396 
X 102 mJ /cm2 /s of UVB energy was used. A H a novia UV meter (M odel 
A V -971) was used to measure the applied energy. 
ChemicaL~ 
A solu t ion of HN2 in 95% alcohol at a conce ntration of 0. 1 mg per 
0.1 ml was prepared freshly before app lication. The HN2 was obtained 
from the Aldrich Chemical Company, Milwaukee, Wisconsin and was 
95% pure. 
Procedure 
The mice were divided into 4 groups. Group 1 (44 mice) received 
twice weeky applications of 0.1 ml of H N2 (Tuesdays a nd Thursdays) 
and thrice weekly exposures to UVB energy 1.98 x 102 mJ /cm2 (Mon-
days, Wednesdays, and Fridays) to the posterior half of their backs for 
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t he duration of t he study. Group 2 (54 mice) received 95% a lcohol 
app lications 2 t imes a week and UVB exposures as in group L Group 
3 (46 mice) received HN 2 applications as per group l but no UVB, and 
group 4 (60 mice) received alcohol applications but no UVB. 
The mice were exam ined at weekly in tervals and tumors greater 
t ha n 4, 50, a nd 100 mm" were tabulated. The tumors were measured in 
2 diameters at right a ngles on the surface and the protrusion above the 
surface was also measured. These sizes were chosen to allow co mpa rison 
of tumor developmen t wi th previous reports on UV and chemical 
carcinogenesis [6- 8]. The study was conducted for 52 weeks. At the 
termination of the study t he tu mors were fixed in 10% formalin 
solution , embedded in paraffin, sectioned at 6 I'm, a nd stained wit h 
hematoxylin and eosin . 
RESULTS 
Tumor Onset 
No tumors occurred in group 4 (alcohol alone). The first 
tumors greater than 4 mm" occurred by 9 weeks in group 1 
(HN2 plus UV), by 28 weeks in group 2 (alcohol plus UVB) , 
and 14 weeks in group 3 (HN2 alone). Tumors greater than 50 
mm3 by 15 weeks, and 100 mm~ by 27 weeks had developed in 
group 1, 50 mm'J and 100 mm'1 by 32 weeks in group 2, and 50 
mm" by 38 weeks and 100 mm" by 45 weeks in group 3. 
Tumor Incidence 
In group 1, by 52 weeks 2 mice had died with no tumors, 88% 
of the mice had tumors and 73% of these had tumors greater 
than 100 mm'1• In group 2, by 52 weeks 3 mice had died and 
76% had tumors . Of these mice 63% had tumors greater than 
100 mm". Five mice died with no tumors in group 3 and 34% 
had tumors. Of these tumors 36% were greater than 100 mma. 
By the completion of the study 1.5 tumors greater t han 4 
mm'\ Ll tumors greater than 50 mma, and 1 tumor greater 
than 100 mm" occurred per tumor-bearing mouse in group L 
In group 2, 1.2 tumors greater than 4 mm'', 1.03 tumors greater 
than 50 mm", and 1.04 tumors greater than 100 mma were 
present on the tumor-bearing mice. In group 3, 1.6 tumors 
greater than 4 mm3 , 1.1 tumors greater than 50 mm'\ and 1.2 
greater than 100 mm'J occurred by 52 weeks in each tumor-
bearing mouse. Thus no significant differences in numbers of 
tumors per tumor-bearing animal were noted in the differen t 
groups. The tumors greater than 100 mm'1 in each group proved 
to be squamous cell carcinomas histo logically. 
Effect of HN2 
A life table analysis (actuarial analysis) was performed on 
the tumor development data for tumor s izes greater than 4, 50, 
and 100 mm'1 for groups 1, 2, and 3 separately. From these 
analyses distribution curves representing cumulative probabil-
ities of developing tumors were examined. In addition, the effect 
of UVB plus 1 application of HN~ per week were compared 
with UVB plus HN~ 2 times a week. 
A Mantel-Haenszel [9,10] 1 degree of freedom continually 
corrected x 2 was computed for each tumor size allowing simul-
taneous comparison over all t he contingency tables of the 
differences in tumor development probabilities for the 4 groups. 
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Compa rison of group 1 (UVB plus HN~ 2 times per week) 
and group 2 (UVB plus alcohol 2 times per week) indicated 
that the HN2 accelerated UVB-induced carcinogenesis (Table 
I) . 
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TABLE ]. Cumulative probabilities vf clevelopinlf o tumor (I - p, )" 
- ---
--- ---
Group I UV + H N2 (2/ wk) vs grnup "2. UV + ROH ("2. / wk) 
----
---
T > 4 mm' T > 50 mm" T > 100 mm" 
Week 
V+ uv + UV+ UV+ uv + uv + 
H N, F:tO H H N, EtO H HN, E tOH 
(~/w l<) (~/wk) (2/ wk) (2/ wk) (2/ wk) (2/ wk ) 
0 - 4 .000 .000 .000 .000 .000 .000 
4 - 8 .000 .000 .000 .000 .000 .000 
8 - 12 .OH I .000 .000 .000 .000 .000 
12- 16 .227 .000 .000 .000 .000 .000 
16- 20 .409 .000 .000 .000 .000 .000 
20- 24 .4 77 .000 .024 .000 .024 .000 
24- 28 .!168 .000 .024 .000 .024 .000 
28- 32 .591 .019 .047 .019 .047 .019 
32- 36 .591 .057 .09-'i .019 .071 . 019 
36- 40 .687 .211 .144 .096 .095 .039 
40- 44 .904 .346 .:328 .153 .305 .1 35 
44- 48 .952 .462 .41!1 .2il0 .334 .193 
48- 52 .9!1:2 .70 1 .877 .487 .758 .390 
p < 0.001" 0.01 < p < 0.0:251> 0.005 < p < 0.()1" 
" Computed by life table met hod: eac h entry is 1 - cumulat ive 
probabi li ty of not deve lop in g- a tumor by Lime x, i.e., 1 - Px · 
b Differences in t ime to tumor development between the H N, + UV 
group a nd the control group (di luent + UV) for each tumor size was 
tested by the Mantei-Haenszel summa ry chi-square method [9,10]. 
TABLE II. Cumulative probabilities of developinf.( a tumor (I- p,)" 
Week 
0- 4 
4- 8 
8 - 12 
12- 16 
16- 20 
20- 24 
24-28 
28- 32 
32- 36 
36- 40 
40-44 
44- 48 
48- 52 
Group luv + HN:.! t1/ wk) v~ group:\ HN:.! (2/ wk ) 
T > 4 mm~ T > 100 mm" 
UV + l-I N, l-I N, LIV + H N., H N, UV + H N, l-I N, 
("2. / wk) ("2./wk) (2/ wl<) (2/ wk) (2/ wk) (2/ wk ) 
.000 .000 .000 .000 .000 .000 
.000 .000 .000 .000 .000 .000 
.09 1 .000 .000 .000 .000 .000 
.227 .022 .000 .000 .000 .000 
.409 .044 .045 .000 .000 .000 
.477 .OR9 .068 .000 .000 .000 
.~8 .101 .~0 .000 .008 .000 
.591 .101 .137 .000 .114 .000 
.591 .156 .137 .000 .ll4 .000 
.687 .224 .18:1 .045 .184 .000 
.904 .224 .:347 .045 .323 .023 
.952 .292 .534 .I :JG .486 .091 
. 952 ~ 1 6 .673 .270 .627 .114 
p < 0.000 1" p < 0.000 ! 1' p < 0.0001 h 
--- ----'--- -----
" Co111puted by li fe table method: each ent ry is t - cumulative 
probab ili ty of not developi ng- a tumor by time x, i.e. , I - Px · 
b D iffere nces in time to tu mor development betwee n the HNt + UV 
group a nd the co ntro l group (diluent+ UV) for eac h tumor size was 
tested by the Mant ei-Haens7.e l summary ch i-square method !9,10]. 
T h e twice week ly applications of H N2 did produce tumors in 
a sign iiicant percent of t he mice in cont rast to o~ce weeki~ 
applications [5). Comparisons of groups 1 and 2 with group 3 
(HN2 alone) indicated that the UVB carcinogenes ts st11nulus 
was more effective than t hat of the HN~ (Tables II, III ). In 
addition, twice weekly HN2 applications significant ly acceler-
ated UVB tumor induction as compared to applications once a 
week (Table IV). Howeve r, the growth of the tumors once they 
appeared was not statistically different t han with t he once a 
week app lications. 
DISCUSSION 
The resul ts of this study confirmed previous findings that 
repeated exposures to UVB energy applied ~ver a':l exten?ed 
period of time will induce skin cancers in thts stram of mtce. 
Over 75% of the mice receiving UV radiation developed tumors, 
the majority of which were la rger than 100 mm". T hus a 
carcinogenic amount of energy was used in the study. 
In addition, tumors occurred in 34% of mice receiving topical 
twice weekly applications of HN~ alone, confi rming the 
tumorigenic potential of t his chem ical [2-4]. This was in con-
trast to our fi ndings with once week ly HN2 applications [5]. 
The carcinogenic influence of UVB radiation as used in this 
study was much greater than that of HN~ alone. 
As with t he once weekly applications of HN2 , tumors ap-
peared earlier and grew more rapidly in mice receiving UVB 
plus HN~ than in t hose rece iving UVB plus the vehicle. The 
vehicle (alcohol) had no tumorigen ic influence. However, the 
twice weeky app lications enhanced tumor induction more ef-
fective ly than when the HN~ was used once a week. This finding 
supported a posit ive ca rcinogenic dose response. No evidence 
of tumor suppression was detected. Interestingly, once the 
tumors appeared they did not grow more rapidly t han those 
associated with UVB plus once weekly HN2 applications . 
As with t he once weekly app lications, the twice weekly HN2 
t reatments plus UVB radiation produced a pattern of tumor 
TABLE Ill. Cwnulat1:ue probnbilitie.< of developing a tumor (1 - p_,.)" 
Croup 2 UV + EtOI-I (2/ wk) vs !(roup:) H N, (2/ wk) 
T > 4 mm" T >.50 mm'1 T > 100 mm'1 
Week 
u + H N, uv + uv + F:tOI-I Et.O H H N, Et.OH l-IN , 
(2/wk) (2/ wk) (2 / wk) (2/ wk) (2/ wk) (2/ wk) 
0- 4 .000 .000 .000 .000 .000 .000 
4-8 .000 .000 .000 .000 .000 .000 
S- 12 .000 .000 .000 .000 .000 .000 
1:2- 16 .000 .022 .000 .000 .000 .000 
16- 20 .000 .044 .000 .000 .000 .000 
20- 24 .000 .089 .000 .000 .000 .000 
24 - 28 .000 .101 .000 .000 .000 .000 
28- :32 .019 .101 .019 .000 .019 .000 
32-:)6 .057 .l.'JG .019 .000 .019 .000 
:>G- 40 .211 .224 .096 .045 .039 .000 
40- 44 .346 .224 .153 .045 .135 .023 
44 - 48 .462 .292 .230 .136 .193 .091 
48- 52 . 70 1 .:316 .487 .270 .390 .114 
0.001 < p < 0.005 b 0.005 < p < 0.01 h 0.005 < p < 0.01 b 
"Computed b~' li fe table method: each entry is 1 - cumulative 
probabi li ty of not developin g a tumor by timex, i.e., 1 - Px· 
"Differences in t ime to tumor development between the HN 2 + UV 
g-roup and in t he cont ro l group (di luent + UV) fo r each tumor size was 
tested by t he Mante l-Hae nszel summary chi -square method [9,10] . 
TABLE lV . Cunwlative probabilities of developing a tumor (1 - p,)" 
C roup I UV + H N2 ( l / wk) "'group\ UV + H , (2/ wk\ 
T > 4 nun" T >50 mm'1 T > 100 mm' 
Week 
uv + uv + V+ uv + uv + uv + 
H N, H N2 HN, H N, H N., H N., 
11 / wk) (2/ wk) (1 / wk) ("2./ wk) ( 1/ wk) (2/wk) 
0- 4 .000 .000 .000 .000 .000 .000 
4- 8 .000 .000 .000 .000 .000 .000 
8- 12 .000 .091 .000 .000 .000 .000 
12-16 .000 .227 .000 .000 .000 .000 
16-20 .000 .409 .000 .04 5 .000 .000 
20-24 .024 .477 .024 .068 .024 .000 
24-28 .024 .568 .024 .090 .024 .068 
28-32 .on .591 .047 .137 .047 .114 
32-36 .167 .591 .095 .137 .071 .114 
36- 40 .388 .687 .144 .183 .095 .184 
40- 44 .GOG .904 .328 .347 .305 .323 
44 - 48 .737 .952 .415 .534 .334 .486 
48- 52 .887 .952 .877 .673 .758 .627 
p < 0.001 h p > 0.5" p > 0.45° 
"Computed by life table method: each entry is 1 - cumulative 
probability of not developing a tumor by time x, i.e., 1 - Px· 
b Differences in t ime to tumor development between the HN" + UV 
group a nd t he co nt rol group (diluent + UV) for each tumor size was 
tested by the Ma ntel-H ae nszel summary chi -square method 19,10]. 
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development described as carcinogenic summation [11], though 
in this case a tumorigenic amount of the HNz was uti lized, 
simi lar to our findings with 1-(2-chloroet hyl)-3-cyclohexyl-1-
ni torsourea (CCNU) which was also carcinogenic by itself 
[12]. The mechanism or mechanisms of t his mutual response 
between physica l and chemical carcinogenic stimuli is not clear. 
These chemcials and UVB energy can injure DNA directly 
[1 ,6,13]. As such they can be mutagenic and carcinogenic. They 
are also immunosuppressants and thus could inhibit tumor 
rejection once ca rcinoge nesis is under way [1,14] . It shou ld be 
noted that HN2 applied topically in humans contact sensitizes 
a sign ificant portion of the patient population. Thus topical 
HN~ apparently does not usually produce immunosuppression. 
At present there is no evidence that the chemicals and UVB 
act on the same structures or by simi lar mechanisms to produce 
the tumors. It is clear that the chemicals do accelerate UVB 
carcinogenesis, or perhaps in the case of HN2 and CCNU, the 
UVB enhances the chemical carcinogenic response. 
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